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In situ replacement with equine pericardial roll
grafts for ruptured infected aneurysms of the
abdominal aorta
Hiroshi Yamamoto, MD, Fumio Yamamoto, MD, Kazuyuki Ishibashi, MD, and
Mamika Motokawa, MD, Akita, Japan
We describe surgical in situ replacement using an equine pericardial roll to treat ruptured infected abdominal aortic
aneurysms (AAA) in two patients. A 78-year-old man diagnosed with ruptured infected (Bacteroides fragilis) AAA
underwent in situ replacement of the abdominal aorta using a bifurcated equine pericardial roll graft with concomitant
omentum flap wrapping. A 50-year-old man diagnosed with ruptured infected (Streptococcus agalactiae) AAA underwent
the same procedure, except the graft was straight. Computed tomography of this patient revealed no graft dilation or
surrounding fluid accumulation at 48 months after surgery. We therefore suggest that in situ replacement of the
abdominal aorta using equine pericardium with concomitant omental flap wrapping may be an option of treating
ruptured infected AAAs. (J Vasc Surg 2009;49:1041-5.)Ruptured infected aneurysms of the abdominal aorta
must be treated as surgical emergencies and are associ-
ated with high postoperative morbidity and mortality
rates. In-situ replacement1-3 has recently been consid-
ered by some surgeons to be a better option than extra-
anatomical bypass,4-6 but the optimal strategy for long-
term positive results remains controversial. In situ
replacement with homografts has been used to repair
infected thoracic or abdominal aortic aneurysms,7-12 but
homografts might be associated with a risk of aneurysmal
changes or graft occlusions.11,12 We describe two pa-
tients with ruptured infected abdominal aortic aneu-
rysms who underwent in situ replacement using equine
pericardial rolls.
CASE REPORTS
Patient 1. A 78-year-old man developed a fever that persisted
for three weeks despite antibiotic administration. Two days before
surgery, the patient developed abdominal and increasingly severe
low back pain. A physical examination revealed a tender, palpable
pulsatile mass in the mid-portion of the abdomen and a fever of
38° C. Numbers of white blood cells (WBC) and levels of
C-reactive protein (CRP) were elevated (11,200/L and 19.9
mg/dL, respectively). Computed tomography (CT) scanning
demonstrated a saccular aneurysm of the abdominal aorta (maxi-
mal diameter: 50 mm) and fusiform aneurysms of both common
iliac arteries (Fig 1A and C) that were accompanied by a posterior,
adjacent irregular shadow indicating a rupture (Fig 1B). The
patient underwent emergency surgery to treat a ruptured infected
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ies were resected at the infra-renal level and adjacent infected or
necrotic tissue was widely debrided. The abdominal aorta was
replaced in situ with a custom-made, bifurcated equine pericardial
roll graft (Fig 2) that was surrounded with an omentum flap. As
shown in Fig 3, the custom-made equine pericardial roll was
constructed by rolling up and stitching a rectangular patch of
equine pericardial patch (Edwards Lifesciences; Irvine, Calif). The
diameter and length of the graft were determined by measuring the
diameters of aorta and bilateral iliac arteries on CT images. Intra-
operative microscopic examination of the resected aortic wall
revealed infection with Gram-negative bacteria (Bacteroides fragilis
in microbiological culture). Intravenous antibiotics (3 g/day sul-
tamicillin tosilate and 1 g/day meropenem trihydrate) were ad-
ministered postoperatively for nine days, the WBC count was
normalized on postoperative day (POD) four, and the CRP level
returned to a value of 1.0 mg/dL on POD 22. The CT scan on
POD 14 showed no abscess-like fluid collection around the graft
and omentum. The patient was discharged from hospital 29 days
after surgery without the need for antibiotic therapy. The postop-
erative course remained uneventful without antibiotics over a
15-month follow-up period. CT scanning of this patient revealed
no graft dilation or pseudoaneurysm at 15 months after surgery
(Fig 4).
Patient 2. A 50-year-old man with sustained left low back
pain developed a low-grade fever that persisted for two weeks. A
physical examination revealed a tender, pulsatile mass in the
epigastrum, and a body temperature of 37.8° C. The WBC
count was 8,100/L and the CRP level was 8.4 mg/dL.
Streptococcus agalactiae was detected in the preoperative blood
culture. CT scanning revealed a ruptured aorta with an adjacent
opacified extra-aortic space (Fig 5A). The patient underwent
emergency in situ replacement of the abdominal aorta with an
equine pericardial straight roll graft and concomitantly wrapped
with an omentum flap. According to an antibiotic sensitivity
test, postoperative intravenous meropenem trihydrate (1 g/day
for four days) and vancomycin hydrochloride (1 g/day for three
days) were administered, followed by intravenous cefazolin
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from 24 to 3 million unit/day over 12 days), respectively. The
CRP level returned to  1.0 mg/dL on POD 11. CT scanning
confirmed the absence of fluid collection around the graft and
omentum on POD six (Fig 5B). The patient was discharged
from hospital 35 days after surgery and his postoperative course
remained uneventful without antibiotics over a 49-month
follow-up period. CT scanning of this patient revealed no graft
dilation or pseudoaneurysms at 24 and 48 months after surgery
Fig 1. Preoperative computed tomographic images of
(A and B) and fusiform aneurysms of both iliac arteries
Fig 2. Operative findings after in situ replacement of abdominal
aorta.(Fig 5C and D, respectively).DISCUSSION
Extra-anatomical bypass and simultaneous removal of
infected aortic aneurysms is a conventional standard surgi-
cal approach to managing infected abdominal aortic aneu-
rysms because it allows extensive debridement of the in-
fected aortic wall and surrounding tissues.4-6 However, the
procedure has the potential problems of graft patency of
the extra-anatomic bypass13 and aortic stump rupture
caused by residual tissue infection.5
Although in situ replacement is becoming a more pop-
ular surgical alternative, optimal surgical procedures and
optimal graft materials remain controversial, because recur-
rent infection after treatment of infected aortic aneurysms is
associated with high mortality and morbidity rates. For
instance, recurrent infection of a graft implanted by in situ
repair influences prognosis. Hsu et al reported that one
(5%) of 19 patients with graft infection after abdominal
aortic surgery who underwent in situ repair using Dacron
grafts to treat infected aneurysms of the descending tho-
racic aorta, abdominal aorta or iliac arteries developed early
graft infection (Bacteroides species) and died in hospital
four months after surgery.2 Fichelle et al described 21
patients with infected abdominal aortic aneurysms who
underwent in-situ prosthetic graft repair (Dacron, 19; poly-
tetrafluoroethylene, 2). Nineteen of them received con-
comitant omental flap coverage, which resulted in three
(14.3%) of them dying from issues related to the initial
surgery.3 The prognosis is poorer among patients with
nt 1, showing a rupture of abdominal aortic aneurysmPatieruptured, than unruptured infected aneurysms. Müller et al
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rifampicin and covered with gentamicin-soaked gauze) in
33 patients with ruptured mycotic aneurysms of the aorta
(thoracoabdominal; abdominal) or iliac arteries and 12
(36%) of these patients died perioperatively.1
In situ replacement with an autologous femoral vein
graft has been reported to have excellent resistance to
infection to repair infected abdominal aortic aneurysms or
vascular prostheses.14-17 Also, ruptured infected abdominal
aneurysms can be repaired by using autologous superficial
vein grafts.15,17 However, there are several limitations in in
situ aortoiliofemoral reconstruction using autologous fem-
oral veins in terms of surgical procedures (long harvesting
time; size discrepancy between aorta and graft) and post-
operative results (limb swelling; graft occlusion due to
valve-related thrombosis).18
Arterial homografts have been used as an alternative to
prosthetic grafts for in-situ graft repair especially for pa-
tients with infected prosthetic grafts8,10-12 or infected aor-
tic aneurysms.7-9,11 Cryopreserved arterial homografts
comprise an excellent alternative for in situ graft treatment
of infected aortic aneurysms, thus decreasing the risk of
recurrent infection7 or degenerative change (eg, graft an-
eurysm or stenosis).8 However, Lesèche et al investigated
the long-term outcome of cryopreserved arterial homograft
reconstruction in 28 patients with mycotic abdominal aor-
tic aneurysms and found that four patients required re-
peated surgery for homograft aneurysms (two of four) and
Fig 3. Construction of a custom-made equine pericardial roll
graft. A bifarcated equine pericardial roll is constructed by rolling
up and stitching a rectangular patch of equine pericardium (Ed-
wards Lifesciences; Irvine, Calif). A piece of rectangular patch (A)
is trimmed to a trapezoid with two base lengths of  (3.14) times
the roll diameters (DA and 2DB), rolled up and connected to two
separate rolled-up equine pericardial patches (B) with the diameter
of DB. DA, diameter for proximal anastomosis; DB, diameter for
distal anastomosis; LA, length of patch A; LB, length of patch B; ,
circular constant; , margin to stitch up. Numerical formulae and
figures in the parentheses indicate actual sizes for Patient 1.occlusion (one of four).11 Moreover, arterial homograftsmight be difficult to obtain in time for urgent applications
such as repair of a ruptured aneurysm.
Rifampicin-bonded prostheses might offer an another
alternative to prosthetic grafts for in situ graft repair of
infected aortic aneurysms.19,20 Hayes et al reported that 11
patients with graft infection after abdominal aortic surgery
who underwent total graft excision and in situ replace-
ment with a rifampicin-bonded prosthesis had favorable
long-term outcomes except for one with graft infection
associated with methicillin-resistant Staphylococcus au-
reus (MRSA).19 Whether or not an antibiotic-bonded
vascular prosthesis can prevent recurrent infection after
in situ replacement remains to be determined, as its
usefulness might be limited in patients with aortic aneu-
rysms and suspected MRSA.
Equine pericardial roll grafts have already been used as
conduit grafts in reconstructing the right ventricle-pulmonary
artery tract in patients with congenital heart disease. Koh et
al reported that 65 out of 193 long-term survivors after
right ventricular outflow tract reconstruction using valved
pericardial rolls (porcine in 37; equine in 21; bovine in 7)
underwent replacement of the implanted roll graft due to
graft obstruction (valve calcification in 55; excessive peel
formation in 10) within five months to 17 years (mean:
8.6  3.3 years) after the primary operation.21 They did
not mention whether or not aneurysmal change of the
pericardial roll graft was encountered. In situ replacement
with an equine pericardial roll graft as an alternative to
arterial prostheses to repair infected abdominal aortic an-
eurysms has not been reported until now. In this series, the
patients did not develop graft dilation, calcification, or
occlusion during the follow-up period (15 and 48 months
after surgery in Patient 1 and 2, respectively), suggesting
that equine pericardial roll grafts offer a robust alternative
to arterial prostheses over the long term. The WBC counts
of our two patients normalized within one week and the
CRP value decreased to 1.0 mg/dL within three weeks.
Local or systemic infection did not recur without antibiot-
ics during the long-term follow-up period, suggesting that
the equine pericardium as a graft material confers resistance
to infection.
Equine pericardial patch (XGA-400; Edwards Life-
sciences, Irvine, Calif) is glutaraldehyde-fixed and pre-
served in a soak solution containing glutaraldehyde. The
users have to irrigate the patch sufficiently with saline
solution when in use. The company is officially recom-
mending that the patch is used for repair of congenital heart
disease (atrial septal defect; ventricular septal defect; right
ventricular outflow tract stenosis) or vascular disease (fem-
oral artery or vein), mitral annuloplasty, and an alternative
to a patch for pericardial closure. The product (XGA-400)
is an equine pericardial rectangular sheet of 10-cm squared
costing 205,000 yen, and is commercially available in Ja-
pan, Great Britain, France, Germany, Italy, the Nether-
lands, Switzerland, the Czech Republic, Slovakia, Rumania
and Australia, but not in the United States for reasons of
animal protection.
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dilation (A) nor pseudoaneurysm at the proximal anastomosis (B) and the distal anastomosis (C).Fig 5. Computed tomographic images of Patient 2. Preoperative ruptured aorta and adjacent opacified extra-aortic
space (A). No fluid accumulation around graft and omentum at postoperative day six (B). (G, equine pericardial roll
graft; Om, omentum). No graft dilation or pseudoaneurysm at 24 (C) and 48 (D) months after surgery.
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tant omentum wrapping is a suitable graft material for
repairing ruptured infected abdominal aneurysms during in
situ replacement of the abdominal aorta. Also, it should be
stressed that sufficient debridement of infected tissue is the
most important fundamental procedure for infected ab-
dominal aneurysms. Further investigation is required to
determine the durability and anti-infection properties of
equine pericardial roll grafts.
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